The search for microorganisms giving higher yields of desired fermentation products has profited from the use of mutagenic agents. This approach has proved especially valuable in the isolation of superior strains of antibiotic producing cultures. However, large numbers of isolates must be tested because many are inferior to or no better than the parent organism. There is need for a method which will increase the probability of isolating superior variants. In the present study of Potato-dextrose agar slant cultures of the second transfer generation from the soil stock were used in the preparation of suspensions of aerial spores. These cultures were incubated for 9 days at 30 C and used immediately or stored at 0 to 4 C until needed. Spores were taken up in sterile distilled water by gentle agitation and were dispersed by mechanical shaking of 5 ml amounts of suspension for 2 min at the rate of 480 4-inch strokes per min in a stainless steel tube (25 by 115 mm) containing 10 g of minute glass beads. The suspension was diluted then with an equal volume of 0.2 per cent "aerosol OT" as suggested by Savage (1949) and filtered through absorbent cotton. Such preparations were used immediately or stored at 0 to 4 C for periods not exceeding 3 hr.
ited from the use of mutagenic agents. This approach has proved especially valuable in the isolation of superior strains of antibiotic producing cultures. However, large numbers of isolates must be tested because many are inferior to or no better than the parent organism. There is need for a method which will increase the probability of isolating superior variants. In the present study of ultraviolet induced mutations in Streptomyces griseus such a method has been applied and evaluated.
MATERIALS AND METHODS
Cultre. The culture used was strain 4 of S.
griweus, obtained through the courtesy of Dr. S. A. Waksman. Spores from the first subculture were dried on sterile soil and stored at 0 to 4 C. Experimental isolates were preserved imilly. The sporulation medium was potato-dextrose agar.
Preparation of spore suspension for irradiation. The spores used in these experiments were taken from two sources: submerged cultures and aerial growth on agar slants. Submerged culture spores were obtained from flask cultures incubated at 30 C on either a reciprocal or rotary type shaker in a medium composed of 0.25 per cent glucose, 0.1 per cent peptone, and 0.3 per cent yeast extract in tap water. When microscopicexamination indicated good yields of spores and reduced amounts of vegetative mycelium, cultures were I Published with the approval of the Director of the Wisconsin Agricultural Experiment Station.
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harvested and the spores separated from the medium and remaining mycelium by filtration through absorbent cotton, followed by centrifugation and washing. The final suspension was in 0.05 M phosphate buffer at pH 7.0. Glass beads were added to facilitate dispersion of clumpe prior to each sampling. Such preparations could be kept for at least a month at 0 to 4 C without significant change in viable count or in microscopic appearance of the spores. Potato-dextrose agar slant cultures of the second transfer generation from the soil stock were used in the preparation of suspensions of aerial spores. These cultures were incubated for 9 days at 30 C and used immediately or stored at 0 to 4 C until needed. Spores were taken up in sterile distilled water by gentle agitation and were dispersed by mechanical shaking of 5 ml amounts of suspension for 2 min at the rate of 480 4-inch strokes per min in a stainless steel tube (25 by 115 mm) containing 10 g of minute glass beads. The suspension was diluted then with an equal volume of 0.2 per cent "aerosol OT" as suggested by Savage (1949) In the plate method of exposure, the ultraviolet dosage and inoculum of spores added to each plate were adjusted to provide the required number of survivors per seed plate. This was done readily with suspensions of submerged culture spores, for which the viable titer was known.
Suspensions of aerial spores were of uinknown titer at the time of treatment; hence, irradiated samples were held in the dark at 0 to 4 C for 48 hr, while plate counts were made to indicate the correct dilution for inoculating the seed plates.
Submraged culture tests of antibiotic variants for streptomycin production. All variants selected as superior in the colony assays were tested in submerged culture on Waksman's medium, which contained the same nutrients as the original plating agar. From the results of these tests, 10 strains were chosen for further study on All media were made to pH of 6.8 to 7.2; 125 ml portions were sterilized in 500 ml Erlenmeyer flasks. Each flask was inoculated with 0.5 ml of spore suspension prepared in 0.1 per cent "aerosol OT" from potato-dextrose agar slants. All tests were run in duplicate, and cultures were incubated at 30 C on a rotary shaker operating at approximately 350 rpm. Samples were taken after 4, 6, and 8 days of incubation. Centrifuged supernatants were assayed for streptomycin by the method of Loo et at. (1945) . All values reported are based on average maximum titers of RESULTS Effects of ultraviolet on aerial and subnwged culture spores. Experiments in which spores were irradiated on agar plates indicated that the two types of cells responded similarly to the lethal and mutagenic effects of ultraviolet. From figure 1 it is seen that survival curves are in relatively good agreement and are similar in form to those published by Savage (1949) . Types of colonial variants among irradiated survivors also appeared to be similar. In particular, the incidence of asporogenous colonial variants increased with the dosage of radiations applied. The curves of figure 2 illustrate the relationship typically observed. As might be predicted, irradiation with ultraviolet light delays initiation of growth by spores of S. gri8ee, and this can be demonstrated readily by determining the effect of irradiation on the rate of appearance of colonies on agar plates. As shown by the data of than 4,000 colonies picked and assayed in all experiments, 330 or nearly 10 per cent were of this latter, slow growing group designated as 72 hr transfers. By the colony assay it was found that a consistently higher percentage of these isolates was inactive than was observed among strains obtained from 48 hr transfers. As many as 44 per cent of the 72 hr transfers were inactive variants in one experiment, the highest value for 48 hr transfers being 12 per cent. There was, however, no other clear-cut evidence of difference between the two groups, and neither appeared to be a better source of superior variants. Accordingly, the original data for the types of colonies are combined for all experiments reported here. Table 3 shows that the incidence of inactive variants among irradiated survivors increased with killing and appeared to reach a peak in the killing range from 90 to > 99 per cent. The heaviest dose of radiations yielded the highest incidence of superior variants, but there was no consistent trend in this direction. The incidence of inactive variants among controls, as listed in Conditions: Spores in aqueous suspension were seeded on the surface of agar plates and the plates exposed to ultraviolet radiations for varying periods of time. Plates were incubated at 30 C for a total of 7 days, and visible colonies were counted at intervals during this period.
Antibiotic variants among colonies from irradiated spores. A typical plate illustrating the colony assay is shown in figure 3 . The observed delay in the appearance of visible colonies from irradiated spores led us to distinguish between those which could be transferred after 48 hr incubation of the original seed plates and those which appeared in the ensuing 24 hr. Of more in shaken flasks. From these and other experiments, 98 strains were selected as potentially superior variants among more than 4,000 colonies assayed. In primary screening fermentations on Waksman's medium, the chosen strains varied widely in streptomycin yields; within the series was one which failed to produce detectable amounts of the antibiotic, while another formed more than twice the average maxmum yield of the parent in these tests. The parent culture gave very low yields under our conditions (an this series had survived a heavy dose of radiations.
Ten of the 98 strains were selected for studies of comparative yields on different production media. Five had been superior to the parent in the screening tests, while the others were normal or slightly above normal in the first trial. All were retested on Waksman's medium and on at least 2 of 3 other media. In table 5, the average maximum yield of the parent culture in all tests on Waksman's medium is taken as unity, and all Conditions: Pretreatment incubation was carried out at room temperature (about 30 C). Submerged culture spores were incubated on plates of Waksman's agar, and aerial spores were suspended in glucoseaspargine broth containing 0.002 per cent "aerosol OT". In photoreactivation experiments, spore suspensions irradiated with ultraviolet light (uv) were sampled directly or were exposed to intense visible light (ph) and survivors sampled for screening by the colony assay method. In series 246, the suspension was exposed alternately to ultraviolet and visible light 5 times, the sample for screening being taken after the final photoreactivation. average of 31 ug per ml), but such yields were reproducible and served as a suitable basis for comparison. Variants were considered superior if they gave at least 40 per cent higher yields than the parent (twice the standard deviation of all tests on Waksman's medium). Activity in the colony assay was not necessarily correlated with activity in submerged culture. Ultraviolet treatments resulting in low survival levels provided isolates which varied more from the parent in streptomycin yields than did milder treatments. The trend was toward lower antibiotic production; however, the best culture isolated from other yields are calculated with reference to this value to give activity ratios. In several instances, strain performance was affected by the fermentation medium. Only one culture (strain 193a10) was superior to the parent on all media tested. The last 4 strains listed were at least as active as the parent on Waksman's broth but inferior on all other media. The rate and total amount of growth, as observed by inspection of the cultures, were variable but not necessarily correlated with broth potencies. pH ranges of the fermentations likewise failed to show consistent relationships to antibiotic yields. Our data (Kelner, 1949b; Novick and Szilard, 1949) Savage (1949) . The activity ratio of a given strain depended upon the medium selected for the test. Strain 252a303, for example, was more than twice as active as the parent on Waksman's medium but showed to still better advantage on the synthetic medium. It is obvious that the choice of a single medium for the screening fermentations may have restricted the chances of finding variant strains for which altered behavior could be demonstrated only on some other medium. Among the 98 strains selected from all colony asays, 5 excelled the parent in streptomycin production on at least 1 of 4 media by factors of 1.6 or more. Four of these 5 were superior on the reference medium, and 1 gave significantly higher yields on all 4 media used.
As a check on the origin of variant strains selected for study in submerged culture, streptomycin was qualitatively identified as a metabolic product of their growth on agar plates by the use of streptomycin sensitive, resistant, and dependent test organisms (Iverson and Waksman, 1948;  Vanderlinde and Yegian, 1948) . All strains gave the characteristic pattern shown by the parent, S. griseus. Streptomycin producing organisms are not abundant in nature (Carvajal, 1946; Waksman, Reilly, and Johnstone, 1946) It was found that a single suspension could be exposed to near-sterilizing doses of ultraviolet at least 5 times if each exposure was followed immediately by maximal photoreactivation; and a relatively high yield of variants in the surviving population was observed.
Among more than 4,000 colonies screened from various treatments with ultraviolet light, 5 of 98 strains selected for high activity in the colony assays gave submerged culture yields of streptomycin exceeding those of the parent culture by at least twice the standard deviation for all tests carried out on the reference medium. One of these 5 strains excelled the parent on all 4 media used. Activity of isolates in the colony assay was not necessarily correlated with yields in submerged culture, though strains isolated from inactive colonies likewise failed to produce the antibiotic in submerged culture.
